Tight glycaemic control is essential, and good adherence is associated with a lower risk of all-cause mortality and hospitalisation in people with T2D. A significant number of people with T2D do not take medication as prescribed and therefore have poor outcomes. The key factors for not achieving targets include therapeutic inertia and adherence. Reasons for poor adherence include perception of treatment, complexity of treatment and adverse effects. Poor adherence leads to inadequate glycaemic control, which increases the risk of diabetic complications and mortality. There is evidence to suggest that education and monitoring is important in medication adherence.
Introduction
Diabetes is a chronic disease affecting 463 million people worldwide in 2018 and has been reported to be in the top 10 causes of death globally. 1 In the financial year 2018/2019 there were 55 million items prescribed for diabetes, with a total net cost of over £1 billion. 2 Type 2 diabetes (T2D) is a progressive disease with loss of beta-cell function and insulin resistance leading to a failure of glycaemic control. 3 In the UK the National Institute for Health and Care Excellence (NICE) advises glycated haemoglobin (HbA1c) targets of <6.5% (<47.5 mmol/mol) in newly diagnosed patients and <7.5% (<58 mmol/mol) in patients on two or more therapies. NICE suggests reaching these targets by use of glucose-lowering drugs (GLDs), management of other risk factors such as blood pressure and lipids and lifestyle changes. However, they also recommend relaxing target HbA1c levels in certain individuals, such as those who are frail, those who are at risk of hypoglycaemic events which could lead to high-risk consequences and those unlikely to achieve longer term risk reduction benefits. 4 Many people are unable to control their T2D solely by lifestyle changes and will therefore ultimately need multiple GLDs including insulin. 5 Controlling glycaemia is essential, and good adherence is associated with a lower risk of all-cause mortality and hospitalisation in people with T2D. 6 However, a significant number of people with T2D still do not take medication as prescribed and therefore have poor outcomes. 7 The key factors for not achieving targets include therapeutic inertia and adherence. 8 In this narrative review we discuss the prevalence, consequences and interventions to overcome non-adherence.
Definitions of adherence, concordance, compliance and persistence
A number of terms are often used interchangeably to describe a patient's medication-taking behaviour including adherence, concordance, compliance and persistence (see Table 1 ). However, use of the term 'compliance' is declining as it suggests lack of patient involvement.
Adherence to T2D management
The World Health Organization stated that, in developed countries, adherence to medication in chronic conditions is only around 50%. Decreased levels of adherence are normally seen in patients with chronic conditions compared with those with acute conditions, and this leads to poorer health outcomes and also has a substantial impact on healthcare costs. 5, 13 The management of T2D firstly comprises lifestyle changes such as a decrease in calorie intake, increase in physical activity and weight loss followed by use of GLDs. Monotherapy with metformin is indicated for most patients, with the addition of further GLDs if the individualised glycaemic treatment goal is not achieved within REVIEW 3 months of metformin plus lifestyle interventions. 14 The American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) Consensus Report recognises the significance of diet and exercise throughout all stages of T2D. 14 There is strong evidence for the advantages of exercise; however, Praet and van Loon 15 found that adherence to long-term exercise programmes still varies between 10% and 80%. They suggest adherence may improve if exercise interventions include motivational strategies as well as taking account of time constraints and providing patients with feedback on physical activity levels.
The prevalence of non-adherence to GLDs differs greatly in studies. Cramer 7 carried out a retrospective analysis, which showed adherence to oral hypoglycaemic agents (OHAs) varied between 36% and 93% in patients who continued on treatment for 6-24 months. Rozenfeld et al 16 found an inverse relationship between taking a prescribed OHA and the HbA1c level. This study also showed that each 10% increase in adherence to OHA was correlated with a decrease of 0.1% in HbA1c. They also concluded that, of 2,741 patients with T2D who had recently commenced OHA treatment, general adherence was 81% and 65% had good adherence (defined as ≥80% of medication). In another study of electronic records for a range of OHAs in 8,191 patients, 53% of whom had a HbA1c of ≥7% (53 mmol/mol), only 39.6% had persisted with treatment after 24 months. 17 An additional study assessing self-reported compliance of 11,896 patients taking one or two OHAs observed that only 46% had ideal compliance. 18 People with T2D commonly have multimorbidities. A number of individual studies have shown adherence to be poorer amongst patients with multimorbidities and those on polypharmacy or twicedaily therapies compared with monotherapies and once-daily regimens, respectively. [19] [20] [21] Cramer's retrospective analysis also showed adherence to insulin treatment among patients with T2D was 62-64%. 7 A study of 1,099 people reported that the average adherence to insulin treatment was 71% and showed that good adherence was associated with better glycaemic control. 22 Another study found that, from a sample of 144 adults, 59% forgot to take their insulin and 46% reported non-adherence. 17 The French population-based ENTRED study of 3,637 patients with T2D using both OHAs and insulin showed that 39% of patients reported good medication adherence, 49% medium adherence and 12% poor adherence. 23 A systematic review of adherence to pen device insulin therapy found that adherence to vials and syringes varied from 13% to 90% and from 22% to 92%, respectively. 24 These studies show that there is a need for a coordinated approach to helping patients understand the disease process and encouraging concordance with management plans. Therapeutic inertia, however, also needs to be acknowledged by healthcare professionals and a structured plan must be implemented. The ADA standards of care have an algorithm for add-on medications following the initiation of metformin along with guidelines recommending HbA1c reviews 3-6 months after commencement of further GLDs. 25 They also state that glycaemic control should then be monitored 3-6-monthly thereafter. The ADA-EASD Consensus Report released in 2018 has also outlined a general approach to GLDs for patients with T2D and the need to reassess treatment regularly to avoid therapeutic inertia. 14
Factors contributing to poor adherence to T2D treatment
Despite evidence and recommendations, guidelines are not translated into practice. One study showed that, in the UK, one-third of patients with T2D fail to achieve HbA1c levels ≤7.5% (58 mmol/mol). 26 There are a number of possible explanations as to why patients do not always take their medication as prescribed, and often more than one factor contributes to lack of adherence. Some of these reasons cannot be changed, while others are often modifiable. 5 Common reasons for poor adherence to GLDs are shown in Table 2 .
Patient adherence to treatment is more likely to improve if they are able to understand that their regimen is having a positive and relative immediate influence on their outcome. 17 A systematic review of a wide range of chronic diseases found that medication adherence is correlated with perceived need and that patients are more likely to be adherent, the more they believe the prescribed medication is actually required. 27 Another study showed that, in patients with T2D, 32.8% felt medication would lead to unwanted side effects and 13.9% felt it may cause weight gain, attributing to decreased adherence. 28 In patients with newly prescribed insulin, 35% were found to be non-adherent with their regime. 29 Reasons for this included feeling that insulin would lead to harm, concerns regarding their inability to regulate the dosing of insulin, the impact on their social life and work, the pain of the injection, side effects and that the advantages and disadvantages of insulin had not been sufficiently clarified. In one study of people with T2D and type 1 diabetes, reasons for non-adherence to insulin included reactions at injection sites, fear of hypoglycaemia, time consumption, interference with physical activity and lack of instructions. 30 A qualitative meta-synthesis of the different perspectives of medication nonadherence between patients and healthcare professionals found that medication administration is a significant barrier to adherence. 31 The authors stated that patients predominantly had trypanophobia (fear of needles), fear of the effects of inaccurately administering insulin and fear of the pain of injection or blood testing. Treatment for T2D is life long and often the complexity of the different therapies increases over time. A systematic review of 51 studies of dosing frequency and medication adherence in chronic diseases including diabetes found that medication adherence was poor with increasing daily frequency of medication: compared with once-daily dosing, the differences for twice-daily, three times daily and four times daily dosing were -6.7%, -13.5% and -19.2%, respectively. 23 Treatment for diabetes and its complications can include multiple tablets with daily dosing and the increasing complexity has an obvious effect on treatment adherence. In their systematic review of 76 studies Claxton et al 32 found that the frequency of dosing was inversely related to medication adherence. Adherence was significantly higher for once-daily dosing (79%) than for three times daily dosing (65%, p<0•008), for once-daily dosing than for four times daily dosing (51%; p<0.001) and for twice-daily dosing (69%) than for four times daily dosing (p<0.001). A retrospective evaluation divided their patients into low, medium and high complexity groups. 33 They found that the mean one-year adherence was 58%, 51% and 43%, respectively, concluding that treatment complexity has a negative impact on adherence and glycaemic control.
In a study of 2,074 patients with T2D who took more than one OHA (without insulin), 71.7% reported at least one adverse effect such as hypoglycaemia, constipation, diarrhoea, headache or weight gain in the 2 weeks prior to questioning, leading to an increased chance of lack of adherence (p<0.01). 33 Each further adverse effect was correlated with a 28% greater likelihood of treatment non-adherence. Hauber et al 34 found that, in patients with T2D, increased weight gain and cardiovascular risk due to treatment were associated with an increased probability of non-adherence. Walz et al 35 found that, of 430 patients with T2D treated with metformin and a sulfonylurea, 34% exhibited some form of hypoglycaemia and 19% had moderate or severe hypoglycaemia. Despite the decreased HbA1c levels, this was associated with poor adherence and reduced treatment satisfaction. In another database study of 212,061 patients with T2D, low adherence was associated with hypoglycaemic events. 36 Insulin was associated with the highest risk of hypoglycaemia, followed by sulfonylureas and other OHAs (eg, meglitinide and α-glucosidase inhibitors). Thiazolidinediones, metformin and dipeptidyl peptidase-4 (DPP-4) had a low risk of hypoglycaemia. In one systematic review and a meta-analysis, adherence to metformin was lower than to sulfonylureas and thiazolidinediones and adherence to DPP-4 inhibitors was higher than to sulfonylureas and thiazolidinediones. 37 The authors attributed this to the fact that metformin requires multiple daily dosing and commonly causes gastrointestinal disturbances whereas DPP-4 inhibitors are usually well tolerated. In a retrospective observational study, McGovern et al concluded that longer medication persistence was associated with improved glycaemic control; however, this differed considerably between drug classes with only metformin, sulfonylureas and sodium-glucose co-transporter-2 (SGLT-2) inhibitors having >50% persistence at 2 years. 38 Other than SGLT-2 inhibitors, metformin had the longest median persistence. Only a short follow-up duration was avail-able for SGLT-2 inhibitors, but they displayed potential for good persistence.
Consequences of poor adherence
Poor adherence leads to inadequate glycaemic control, which in turn increases the risk of diabetic complications and mortality. 7 In a retrospective cohort study of 11,532 patients, Ho et al 39 showed that medication non-adherence to OHAs, antihypertensives and statins was associated with higher HbA1c, blood pressure and lowdensity lipoprotein cholesterol levels. In multivariable analysis, medication non-adherence was associated with an increased risk of all-cause hospitalisation (OR 1.58, 95% CI 1.38 to 1.81; p<0.001) and higher all-cause mortality (OR 1.81, 95% CI 1.46 to 2.33).
One recent meta-analysis explored the association between adherence to T2D medication and the risk of cardiovascular disease, all-cause mortality and hospitalisation. 6 Eight observational studies were included (n=318,125 patients). The mean rate of poor adherence was 37.8%. The study showed that good medication adherence (>80%) compared with poor adherence was associated with a 38% reduction in all-cause mortality (RR 0.72, 95% CI 0.62 to 0.82) and a 10% reduction in hospitalisation (RR 0.90, 95% CI 0.87 to 0.94).
Curtis et al 40 assessed the association of adherence to GLDs and the resulting outcomes in patients with T2D. They found that acute care costs and outpatient costs were significantly lower for adherent patients. Adherence was also associated with significant improvements in acute care outcomes as measured by the probability of a hospitalisation (17.65% vs 22.71%; p<0.0001), the probability of an emergency department visit (38.47% vs 45.61%; p<0.0001), the number of hospitalisations (0.27 vs 0.40; p<0.0001), the number of emergency department visits (0.83 vs 1.23; p<0.0001) and the length of stay in hospital (1.25 vs 2.16 days; p<0.0001).
Interventions to improve adherence
The World Health Organization has stated that "increasing the effectiveness of adherence interventions may have a far greater impact on the health of the population than any improvement in specific medical treatments". 12 Overall, there are a number of factors that are key to medication adherence. Table 3 summarises a number of studies including systematic reviews of interventions to improve medication adherence in people with T2D. There is evidence to suggest that education and monitoring is important in medication adherence, with pharmacist-based interactions being successful in improving glycaemic control. Monitoring via messaging and digital interventions including mobile applications have also proved effective. Currently these are costly; however, if they are able to improve long-term outcomes, they may prove to be cost effective for patients with difficulties managing their condition. 41 Psychological support for patients may also be necessary to reduce fears and anxiety in those who are not adhering to management plans or for those who require additional support with their condition. 42
Conclusion
T2D is a progressive disease and, along with diet and exercise, phar-REVIEW macological therapies are needed to sustain glycaemic control and reduce complications. However, non-adherence is common and can lead to adverse outcomes. There are a number of factors that contribute to lack of adherence such as misperception of treatment benefits, complexity of treatment and adverse effects. It is therefore evident that healthcare professionals may need to focus on improvement of adherence prior to considering additional therapies, particularly in the current climate of cost-effective prescribing. A number of interventions have been tested to improve adherence. Future studies should include targeted multifactorial interventions to improve individualised glycaemic targets with the aim of improving long-term outcomes.
Key messages
• Decreased levels of adherence are often seen in patients with chronic conditions particularly those with multimorbidity leading to poor health outcomes and increased healthcare costs • Poor adherence in T2DM is associated with increased complications & mortality • Patient education and monitoring improves outcomes improving HbA1c in diabetics with only intervention periods longer than 6 months having a significant impact on adherence.
Kebede et al 50 2018 Digital interventions including the use of (21 studies) phone applications were found to be effective in reducing HbA1c levels in patients with poorly controlled type 2 diabete.
